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Be it known that we, Olafur Josefsson, residing at 174 Central Street, North 
Reading, MA 01864 and being a citizen of Iceland; Cohn Prendergast, residing at 42 
Bigelow Street, Cambridge, MA 02139 and being a citizen of the Republic of Ireland; 
James Wilson, residing at 8 Shepherd Street, Foxboro, MA 02035 and being a citizen of 
1 5 the United Kingdom; and Daniel T. Boyko, residing at 2 1 Belmont Street, Norwood, MA 
02062 and being a citizen of the United States of America, have invented a certain new and 
useful 

CALIBRATION SYSTEM FOR A COMMUNICATIONS SYSTEM 
of which the following is a specification: 
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Applicant: Josefsson et al. 

For: CALIBRATION SYSTEM FOR A COMMUNICATIONS SYSTEM 



FIELD OF THE INVENTION 
This invention relates to a calibration system for a communications system with 
analog communication across an isolation barrier. 

RELATED APPLICATIONS 
This application claims benefit of U.S. Provisional AppUcation No. 60/183,107 filed 
on February 17, 2000 entitled "ISOLATED ANALOG COMMUNICATIONS 
INTERFACE." This application is related to copending U.S. Patent application entitled 
"ISOLATION SYSTEM WITH ANALOG COMMUNICATION ACROSS AN 
ISOLATION BARRIER" filed on February 15, 2001. 

BACKGROUND OF THE INVENTION 
Communications systems with analog communications across an isolation barrier 
are sensitive to the mismatch of components used to implement the system: the 
component tolerances do not allow for a predictable transfer function from the transmitter 
circuits to the receiver circuits. There are also parasitic elements (capacitive and 
inductive) present in the system which may affect the predictability of the transfer 
function between transmitters and receivers. Further variance in the transfer function 
may be introduced by changing environmental conditions to which the communication 
system is exposed, for example, changes in temperature. 



Additionally, there is continued effort to increase the bit rate of communications 
systems. As the bit rate increases, the sensitivity to the unpredictable gain increases, 
thereby increasing the possibility of errors in data transmission. 



5 BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a calibration system for a 
communication system to minimize the likelihood of data transmission errors. 

It is a further object of this invention to provide such a calibration system to 
maximize the bit rate. 

E5 10 It is a further object of this invention to provide such a calibration system to adjust 

the reference signal level of one of the transmitter and receiver circuits to compensate for 
i{l variations in the transmission signal due the transfer function of the transmission medium. 

It is a further object of this invention to provide such a calibration system which 
O minimizes the clock speed of the system. 

^ 15 It is a further object of this invention to provide such a calibration system which 

minimizes the cost of the communications systems by reducing the number of components 
and pins used. 

It is a further object of this invention to provide such a calibration system for a bi- 
directional communication system to provide for local echo cancellation and calibration of 
20 the local echo cancellation. 

The invention results from the realization that an improved communications system 
which can compensate for the unpredictable transfer function due to component mismatches 
and parasitic elements can be achieved with a calibration system which is responsive to an 
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altered reference signal of the transmitter circuit to adjust the reference signal level of at 
least one of the transmitter and receiver circuits to compensate for variations in the 
transmission signal due to the transfer function of the transmission medium. The invention 
also results from the reahzation that an improved bi-directional communication system can 
be achieved with a calibration system which is responsive to the local echos of the 
transmitter circuits to adjust the echo cancellation signals. 

This invention features a calibration system for a communication system including a 
transmitter circuit, a receiver circuit, a transmission medium having a transfer function for 
transmitting a transmission signal between the transmitter and receiver circuits, and a 
calibration system responsive to an altered reference signal of the transmitter circuit altered 
by the transmission medium for adjusting the reference signal level of one of the transmitter 
and receiver circuits to compensate for variations in the transmission signal due to the 
transfer function. 

Li a preferred embodiment, the calibration system may adjust the reference signal 
levels of both the transmitter and receiver circuits. The transmission medium may include 
an isolation barrier circuit. 

The transmitter circuit may include a digital to analog circuit with an analog output 
coupled to the isolation barrier circuit and an input for receiving a digital input signal to be 
communicated across the isolation barrier circuit and the receiver circuit may include an 
analog to digital circuit having an analog input signal coupled to the isolation barrier circuit 
for providing a digital output signal. The digital to analog circuit may include a digital to 
analog converter with an input for receiving the input signal and a modulation circuit 
responsive to the digital to analog converter for providing the analog output. The digital to 



analog circuit may include an encoder circuit responsive to the digital input signal to 
produce a digital signal and a digital to analog converter responsive to the digital signal to 
provide the analog output to the isolation barrier circuit. The analog to digital circuit may 
include an analog to digital converter responsive to the analog input signal to provide a 
digital signal and a decoder circuit responsive to the digital signal to provide the digital 
output signal. The analog to digital circuit may include a demodulator circuit responsive to 
the analog output to provide an analog signal and an analog to digital converter responsive 
to the analog signal to provide the digital output signal 

The communication system may be a bi-directional signal transfer system. The 
calibration system may include a first digital to analog circuit and a first analog to digital 
circuit coupled to the first side of the isolation barrier circuit and second digital to analog 
circuit and second analog to digital circuit coupled to the second side of the isolation barrier 
circuit such that the first digital to analog circuit transmits to the second analog to digital 
circuit and the second digital to analog circuit transmits to the first digital to analog circuit. 

The communication system may be a simultaneous signal transfer system. The 
calibration system may include a first echo cancellation system, producing a first echo 
cancellation signal coupled to the first analog to digital circuit to remove the analog output 
of the first digital to analog circuit firom the input of the first analog to digital circuit, a first 
echo cancellation calibration circuit responsive to the altered reference signal of the first 
digital to analog circuit to adjust the first echo cancellation signal, a second echo 
cancellation system coupled to the second analog to digital circuit to remove the analog 
output of the second digital to analog circuit firom the input of the second analog to digital 
circuit and a second echo cancellation calibration circuit responsive to the altered reference 



signal of the second digital to analog circuit to adjust the second echo cancellation signal. 
The echo cancellation signals may be derived from the analog outputs of the digital to 
analog circuits. The echo cancellation signals may be separately generated based on the 
digital input signals and on the digital output signals of the first and second analog to digital 
circuits or on the altered reference signals of the first and second digital to analog circuits. 
The echo cancellation circuits may include digital to analog converters with an input 
connected to the first and second digital input signals, respectively. 

The calibration system may include a control circuit coupled to the transmission 
medium for synchronizing the adjustment of the reference signal level. The control circuit 
may include a clock circuit or a control channel. 

The analog output from the transmitter circuit may be a constant average signal. 
The analog input to the receiver circuit may be a constant average signal. 

In yet another preferred embodiment, the calibration circuit may include a reference 
signal capture circuit for capturing a altered reference signal and providing the altered 
reference signal to the receiver circuit to compensate for variations in the transmission 
signal due to the transfer Sanction. There may also be a reference signal averaging circuit 
connected to the reference signal capture circuit for averaging the altered reference signal 
and providing an averaged altered reference signal to the receiver circuit. The calibration 
system may also include first and second calibration circuits, each of which includes a 
reference signal capture circuit. There may also be a reference signal averaging circuit for 
each of the first and second calibration circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages will occur to those skilled in the art from the 



following description of a preferred embodiment and the accompanying drawings, wherein 
like items in subsequent figures are identified with the same item number with, for example, 
\ a, orb added, in which: 

Fig. 1 is a schematic drawing of a calibration system for a uni-directional 
communications system according to the present invention; 

Fig. 2 is a schematic drawing of a calibration system for a bi-directional 
communications system according to the present invention; 

Figs. 3-5 are schematic drawings of three embodiments of an echo cancellation 
circuit according to the present invention; 

Figs. 6 and 7 are schematic drawings two embodiments of transmitter circuits 
according to the present invention; 

Figs. 8 and 9 are schematic drawings of two embodiments of receiver circuits 
according to the present invention; 

Fig. 10 is a schematic drawing of another embodiment of a calibration system 
according to the present invention; 

Fig. 1 1 is a switch timing diagram for the embodiment of Fig. 10; and 

Fig. 12 is a schematic drawing of another embodiment of a calibration system for a 
bi-directional communications system according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A communications system 10, Fig. 1 according to the present invention, includes 
transmitter circuit 12, transmission medium 14, receiver circuit 16, and calibration system 
18. Communications system 10 is a uni-directional system. Transmitter circuit 12 takes a 



digital input 20, converts it to analog signal 22 which is transmitted through transmission 
medium 14. Analog signal 24, which is signal 22 altered by the transfer function of 
transmission medium 14, is converted by receiver circuit 16 to produce digital output 26. 
Termination resistance 55 is included to reduce common mode error. 

5 There may be a control circuit 30, shown as a clock circuit with clock driver circuit 

56 connected through isolation barrier circuit 59, to clock receiver circuit 58, to synchronize 
the operation of the communications system. Transmitter circuit 12 may include digital to 
analog circuit 34, voltage reference circuit 32 and amphfier circuit 36. Any suitable digital 
to analog circuit 34 may be advantageously used, for example, a digital to analog converter. 

10 Receiver circuit 16 may include analog to digital circuit 42, and voltage reference circuit 
44. Any suitable analog to digital circuit 42 may be advantageously used, for example, an 
analog to digital converter. 

The transfer function of transmission medium 14 depends on the components which 
are part of transmission medium 14. Although transmission medium 14 is shown as a 

1 5 resistor 38 and capacitor 40, there may be additional resistances, capacitances and/or 
impedances which make up transmission medium 14. Some of these capacitances or 
impedances may be parasitic in nature, i.e., they result from various manufacturing 
anomalies in the circuitry, for example, circuit boards and other components, which are part 
of transmission medium 14. Because of the nature of these unknown capacitors as well as 

20 mismatches of components used in transmission medium 14, the transfer function of 
transmission medium 14 is unpredictable. In other words, it is not predictable how the 
transmission signal from transmitter circuit 12 will be altered by the transfer function before 
it is received by receiver circuit 16. This unpredictable gain of the transfer function can 
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result in data transmission errors. The sensitivity to the unpredictable gain increases as the 
resolution of the circuits 34 and 42 increases. 

To compensate for this unpredictable transfer function, calibration system 18, which 
may include control channels 46 and 48, and voltage reference circuit 44, operates to adjust 
the reference voltage level 28 of receiver circuit 16 based upon the altered reference signal 
of transmitter circuit 12 which is received by receiver circuit 16 during a calibration cycle. 
In operation during a calibration cycle, transmitter circuit 12 sends a predefined signal 
through transmission medium 14. Typically, in a preferred embodiment, the predefined 
signal would be a full scale signal. This predefined signal is altered by the transfer fimction 
of transmission medium 14 before being received by receiver circuit 16. Digital output 26 
is used by calibration system 18 to adjust reference signal level 28 supphed to receiver 
circuit 16 by voltage reference circuit 44. In another embodiment, calibration system 18 
uses analog signal 52 (shown in phantom) firom transmission medium 14 to adjust reference 
signal level 28. 

In yet another embodiment, calibration system 1 8 may adjust the reference signal 
level of transmitter circuit 12 through signal 54 (shown in phantom) coupled to voltage 
reference circuit 32 to adjust the reference signal level of digital to analog circuit 34, In 
operation, this may be necessary if calibration system 18 could no longer adjust the 
reference signal level of receiver circuit 16 because the maximum or minimum value of that 
reference signal had been reached. Calibration system 18 would recognize this event and 
adjust the reference signal level of transmitter circuit 12 to allow for appropriate adjustment 
of the reference signal level of receiver circuit 16. Also, in another embodiment, calibration 
system 18 may adjust only the reference signal level of transmitter circuit 12. The 
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calibration system of these embodiments perform receive calibration. 

A bi-directional communication system 10\ Fig. 2, includes two transmitter circuits 
12a, 12b, transmission medium 14', two receiver circuits 16a, 16b, and calibration circuit 
18'. In operation, communications system 10' transmits, on one clock cycle, digital input 
20a into transmitter circuit 12a to receiver circuit 16b which provides digital output 26b 
and, on another clock cycle, digital input 20b into transmitter circuit 12b to receiver circuit 
16a which provides digital output 26a. 

In this embodiment, calibration system 18' adjusts the reference signal level of 
receiver circuits 16a and 16b based upon the altered reference signal of transmitter circuits 
12b and 12a, respectively. As in Fig. 1, during a calibration cycle (or cycles), calibration 
system 18' uses the digital outputs 26a, 26b of the receiver circuits 16a, 16b to adjust the 
reference signal levels 28a, 28b. In another embodiment, calibration system 18'adjusts 
reference signal levels 28a, 28b using analog signals 52a, 52b (shown in phantom) from 
transmission medium 14'. 

If communication system 10' transmits simultaneously, transmitter circuits 12a, 12b 
simultaneously transmit to receiver circuits 16b, 16a, respectively. This simultaneous 
transmission further complicates the communication system as a local echo, or reflected, 
signal from transmitter circuit 12a may be coupled to receiver circuit 16a (or from 
transmitter circuit 12b to receiver circuit 16b), resulting in potential data transmission 
errors. To eliminate the local echo signals, echo cancellation circuits 60a, 60b (shown in 
phantom) may be used. 

In general, the echo cancellation circuits of the present invention operate as follows. 
When the conmiunication system is bi-directional and simultaneous, each receiver circuit 
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will receive inputs which include the transmitted signal from the transmitter circuit on the 
far side of the isolation barrier as well as a local echo of the signal transmitted from the near 
side transmitter circuit. The echo cancellation circuits, when properly calibrated, subtract 
out the local echo of the near side signal so that each receiver circuit is receiving only the 
transmitted signal from the far side of the isolation barrier. 

Examples of echo cancellation circuits 60a, 60b, Fig. 2 are shown in Figs. 3-5. 
Echo cancellation circuit 250, Fig. 3, includes summing node 252 connected between 
digital to analog circuit 254 and receive analog to digital circuit 256. During a cahbration 
cycle of echo cancellation circuit 250, there is no transmission from the far side of the 
isolation barrier. Therefore, the only signal present on line 258 is the local echo of the 
near side transmitter circuit. The output 260 of analog to digital circuit 256 is then used 
to adjust reference voltage 262 of digital to analog circuit 254 until output 264 of digital 
to analog circuit 254 is equal to local echo signal 258, thus canceling out the local echo 
signal. Input 266 of digital to analog circuit 254 is equivalent to the signal to be 
transmitted, such as 20a or 20b , Fig. 2. 

In another embodiment, echo cancellation circuit 250', Fig. 4, includes summing 
circuit 252', digital to analog circuit 254' and voltage reference 262'. During an echo 
cancellation calibration cycle, voltage reference 262' captures the value of the local echo 
signal present on line 258', adjusting the output 264' of digital to analog circuit 254' to be 
equal to local echo signal 258', thus canceling out the local echo signal through summing 
circuit 252'. 

In another embodiment, echo cancellation circuit 250", Fig. 5, includes summing 
node 252" and weighting circuit 270. During an echo cancellation calibration cycle, 
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weighting circuit 270 receives analog output 271" from transmitter circuit 12' and digital 
output 260" from analog to digital circuit 256" and adjusts echo cancellation signal 272 to 
cancel out the local echo from transmitter circuit 12'. 

The transmitter circuits of the present invention are not limited to the digital to 
analog circuit shown in Fig. 1. Transmitter circuit 180, Fig. 6, includes digital to analog 
converter 182, reference voltage 184 and encoder 186. Digital signal 188 is converted to 
analog signal 190, which is connected to the transmission medium. Transmitter circuit 
180', Fig. 7, includes digital to analog converter 182', reference voltage 184' and modulator 
192. Digital input 188' is converted to analog signal 190'. In both of these embodiments, 
analog signals 190, 190' have constant signal averages because encoder 186, Fig. 6, or 
modulator 192, Fig. 7, respectively, function to eliminate any DC component of the 
respective analog signals. 

The receiver circuits of the present invention may include analog to digital circuits. 
Receiver circuit 200, Fig. 8, includes analog to digital converter 202, voltage reference 204 
and decoder 206. Analog signal 208, which is connected to the transmission medium (not 
shown) is converted into digital signal 210. Receiver circuit 200', Fig. 9, includes analog to 
digital converter 202', voltage reference 204' and demodulator 212. Analog signal 208' is 
converted to digital signal 210'. Analog signals 208 and 208' have constant signal averages 
because no DC component is transmitted across the isolation barrier. 

While not required for operation of the calibration system of the present invention, 
analog signals without DC components may be advantageous because DC components may 
adversely affect the data transmission across the isolation barrier. 

In another embodiment according to the present invention, communication system 

12 



300, Fig. 10, includes transmitter circuit 302, isolation barrier 308, receiver circuit 304, and 
calibration circuit 306. Transmitter circuit 302 includes digital to analog circuit 303. 
Receiver circuit 304 includes analog to digital circuit 310, switch 312 and capacitor 314. 
Calibration circuit 306 includes switches 316, 318, 320, capacitors 322, 324 and buffer 

5 circuit 326. The switch timing of this circuit is shown in Fig. 1 1 , in which a high signal 
indicates that the switch is closed. During a calibration cycle, the altered reference signal 
from the transmitter circuit is captured on capacitor 322. Subsequently, capacitors 322 and 
324 are connected such that voltage sharing occurs between the two capacitors. This 
effectively causes capacitor 324 to capture an average altered reference signal which is then 

1 0 used as the reference voltage for analog to digital 310. After each voltage sharing 

operation, capacitor 322 is discharged to ground. The average altered reference signal 
represents a moving average of the altered reference signals captured in sequential 
calibration cycles. 

Communication system 300', Fig. 12, is a bi-directional version of the system 
1 5 shown in Fig. 15. Here there are two transmitter circuits 302', 302''; two receiver circuits 
304', 304";, and two calibration circuits 306', 306". In operation, one calibration circuit, 
306' for example, performs a calibration cycle as described above with respect to Fig. 1 1 
and then the other calibration circuit performs the calibration cycle. The end result of these 
two calibration cycles is that capacitors 324', 324" each capture the appropriate average 
20 altered reference signal for receiver circuits 302', 302", respectively. If communications 
system 300 is bi-directional and simultaneous, echo cancellation circuits, such as 60a, 60b, 
Fig. 2 may be used. 

One advantage of the embodiments shown in Figs. 10 and 12 is that these systems 
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perform equally whether or not the analog signal transmitted across the isolation barrier 
circuit contains DC components. 

The reference signal level and echo cancellation circuit calibration cycles have been 
discussed herein as discrete operations. In the case of bi-directional, simultaneous 
5 communications systems, while a first side of the receive circuitry does the reference signal 
calibration, the second side of the receive circuitry does the local echo cancellation 
calibration. This is possible because, during this calibration cycle, only one transmitter 
circuit is transmitting. Then, on a subsequent calibration cycle, the first side may perform 
the local echo cancellation calibration while the second side performs the reference signal 
y 10 level calibration. 

Calibration cycles may be performed in numerous sequences. For example, a series 
ry of reference signal level calibration cycles may be performed on the same side of the 

|..^ communications system while simultaneously performing a series of echo cancellation 

Q calibration cycles of the other side of the communications systems. Or, calibration cycles 

^ 1 5 may be interspersed between data transmission cycles. 

r: While the present invention has been disclosed for amplitude encoded data 

communication systems, it is also apphcable to frequency or phase encoded data 
communication systems. 

Although specific features of the invention are shown in some drawings and not in 
20 others, this is for convenience only as each feature may be combined with any or all of 
the other features in accordance with the invention. The words "including", 
"comprising", "having", and "with" as used herein are to be interpreted broadly and 
comprehensively and are not limited to any physical interconnection. Moreover, any 
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embodiments disclosed in the subject application are not to be taken as the only possible 
embodiments. 

Other embodiments will occur to those skilled in the art and are within the 
following claims: 

What is claimed is: 
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